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[0001] This invention relates to a structure of a magnetoresistance (MR) 

5 sensor and, more particularly, to such a sensor having an antiferromagnetic layer 
above the free layer. 

BACKGROUND OF THE INVENTION 

[0002] A magnetoresistance (MR) sensor is used in a read/write head to 

read magnetic fields on a recording medium of a magnetic storage device. An 

10 example is the read/write head of a computer hard disk or a magnetic recording 
tape drive. The read/write head is positioned closely adjacent to the recording 
medium, separated from the recording medium by an air bearing surface (ABS) 
that does not allow them to touch. A data bit is written onto an area of the 
recording medium using the writing portion of the read/write head by locally 

1 5 changing its magnetic state. That magnetic state is later sensed by the MR sensor 
to read the data bit. 

[0003] Two known types of MR sensors are a giant magnetoresistance 

(GMR) sensor and a tunnel magnetoresistance (TMR) sensor. The general 
technical basis, construction, and operation of the GMR sensor are described, for 

20 example, in US patent 5,436,778. The general technical basis, construction, and 
operation of the TMR sensor are described, for example, in US Patent 5,729,410. 
The disclosures of both patents are incorporated by reference in their entireties. 
These patents also describe the read/write heads and the magnetic storage systems. 
[0004] In one type of MR sensor structure, typified by the exchange tab 

25 GMR sensor and the in-stack bias TMR sensor, the sensor structure having a free 
layer that responds to external magnetic fields is overlaid, at least in part, with an 
upper antiferromagnetic layer. The upper antiferromagnetic layer exchange 
couples to the portion of the free layer that is overlaid. A relatively thick upper 
ferromagnetic "soft" layer is placed between the upper antiferromagnetic and the 
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free layer to provide some magnetostatic bias to the sensor. However, as the 
upper ferromagnetic layer is made thicker, the exchange coupling between the 
upper antiferromagnetic layer and the overlaid portion of the free layer is reduced. 
The reduction in exchange coupling leads to magnetic instability due to domain 

5 formation in the free layer. The reduced exchange coupling also causes side- 
reading problems, so that the sensor detects magnetic fields laterally separated 
from the magnetic track that is in registry with the sensor structure. 
[0005] There is a need to overcome these problems, without losing the 

beneficial aspects of the MR sensor structure. The present invention fulfills this 

1 0 need, and further provides related advantages. 



SUMMARY OF THE INVENTION 



[0006] The present approach provides a structure for the MR sensor that 

includes the upper ferromagnetic layer and the upper antiferromagnetic layer and 
achieves the benefits of their presence, but without the reduction in coupling 
15 strength and loss of stability associated with the existing designs as the upper 
ferromagnetic layer is made thicker. The upper ferromagnetic layer provides 
magnetostatic bias to the MR sensor, while the exchange coupling of the upper 
antiferromagnetic layer is retained. 

[0007] In accordance with the invention, a magnetoresistance (MR) sensor 

20 structure comprises a magnetoresistance sensor having a sensor surface plane and 
a free layer (which responds to external magnetic fields), an upper 
antiferromagnetic layer overlying at least a portion of the free layer, and an upper 
ferromagnetic layer overlying and contacting at least a portion of the upper 
antiferromagnetic layer on a contact face lying parallel to the sensor surface plane. 
25 That is, the upper antiferromagnetic layer lies between the upper ferromagnetic 
layer and the free layer. Preferably, the upper antiferromagnetic layer is PtMn and 
the upper ferromagnetic layer is CoFe. 

[0008] The magnetoresistance sensor may be a giant magnetoresistance 

(GMR) sensor. The upper antiferromagnetic layer and the upper ferromagnetic 
30 layer may overlie a first portion of the free layer that is less than all of the free 
layer, and the magnetoresistance sensor structure may further include a cap layer 
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overlying a second portion of the free layer. 

[0009] The magnetoresistance sensor may instead be a tunnel 

magnetoresistance (TMR) sensor. The upper antiferromagnetic layer and the 
upper ferromagnetic layer may overlie substantially all the free layer, and the 
5 magnetoresistance sensor structure may further include a cap layer overlying the 
upper ferromagnetic layer. A lead layer typically overlies the upper ferromagnetic 
layer. 

[0010] Desirably, the magnetoresistance sensor includes a lower 

antiferromagnetic layer, and the free layer overlies the lower antiferromagnetic 

10 layer. Preferably in this embodiment, the lower antiferromagnetic layer and the 
upper ferromagnetic layer are made of the same material, most preferably PtMn. 
[0011] In another embodiment, a magnetoresistance sensor structure 

comprises a magnetoresistance sensor having a sensor surface plane, a transverse 
direction lying in the sensor surface plane, and a longitudinal direction lying 

15 perpendicular to the transverse direction and in the sensor surface plane. The 
magnetoresistance sensor comprises a transverse biasing stack including a lower 
antiferromagnetic layer, and a free layer overlying the transverse biasing stack. 
A longitudinal biasing stack overlies the magnetoresistance sensor. The 
longitudinal biasing stack comprises an upper antiferromagnetic layer, and an 

20 upper ferromagnetic layer overlying and contacting at least a portion of the upper 
antiferromagnetic layer on a contact face lying parallel to the sensor surface plane. 
The upper antiferromagnetic layer lies between the upper ferromagnetic layer and 
the magnetoresistance sensor. The magnetoresistance sensor may be a giant 
magnetoresistance sensor or a tunnel magnetoresistance sensor. Compatible 

25 features described above for the other embodiments may be used with this 
embodiment as well. 

[0012] The present approach positions the upper antiferromagnetic layer 

between the upper ferromagnetic layer and the free layer. The upper 
ferromagnetic layer provides magnetostatic bias to the sensor without a loss of 
30 exchange coupling strength between the antiferromagnetic layer and the free layer. 
With this arrangement of layers, both surfaces of the upper antiferromagnetic layer 
are employed to pin the adjacent layers, improving the efficiency of the structure. 
In the GMR sensor, for example, the bottom side of the upper antiferromagnetic 
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layer pins the adjacent portion of the free layer, and the top side of the upper 
antiferromagnetic layer pins the upper ferromagnetic layer. 
[0013] Other features and advantages of the present invention will be 

apparent from the following more detailed description of the preferred 
5 embodiment, taken in conjunction with the accompanying drawings, which 
illustrate, by way of example, the principles of the invention. The scope of the 
invention is not, however, limited to this preferred embodiment. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 is a schematic diagram of a magnetic disk data storage 

10 system; 

[0015] Figure 2 is a schematic perspective view of the magnetoresistance 

sensor structure; 

[0016] Figure 3 is a schematic elevational view of the giant 

magnetoresistance sensor structure; 
15 [0017] Figure 4 is a schematic elevational view of the tunnel 

magnetoresistance sensor structure; and 

[0018] Figure 5 is a schematic elevational view of a representative 

magnetoresistance sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0019] Figure 1 shows a data storage system, here depicted as a magnetic 

disk drive system 20, in which the present approach may be used. The magnetic 
disk drive system 20 includes a rotatable magnetic storage disk 22 that is 
supported on a spindle 24 and rotated by a disk drive motor 26 under motor 
control 27 of a control unit 44. A magnetic storage medium 28 is deposited on a 

25 surface 30 of the magnetic storage disk 22. 

[0020] A slider 32 is positioned in facing relation to the magnetic storage 

disk 22. The slider 32 supports at least one read/write head 34 in facing relation 
to the magnetic storage medium 28 present on the facing surface of the magnetic 
storage disk 22. The slider 32 is mounted to an actuator arm 36 by a suspension 
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38. The actuator arm 36 and the slider 32 move radially inwardly and outwardly 
relative to the magnetic storage disk 22 so that the combined inward/outward 
motion of the slider 32 and the rotation of the magnetic storage disk 22 allow the 
read/write head 34 to be placed into facing relation to any region over the entire 
5 area of the magnetic storage medium 28. The actuator arm 36 is driven by an 
actuator 40 (depicted as a voice coil motor or VCM) under the radial position 
control 42 of the control unit 44. 

[0021] The suspension 38 generates a slight spring force which biases the 

slider 32 toward the surface 30 of the magnetic storage disk 22. During sensor 

1 0 operation the magnetic storage disk 22 turns, and an air bearing is created between 
the downwardly facing surface of the slider 32, termed the air bearing surface 46 
or ABS, and the upwardly facing surface 30 of the magnetic storage disk 22. 
(Only the downwardly oriented slider is illustrated, but there may also or instead 
be an upwardly oriented slider facing the bottom side of the magnetic storage 

15 disk.) The air bearing counterbalances the slight spring force of the suspension 
38 and supports the slider 32 a small distance above the surface 30 with a small, 
substantially constant separation. 

[0022] The read/write head 34 writes data onto the magnetic storage 

medium 28 by altering magnetic states in the magnetic storage medium, and also 

20 reads data from the magnetic storage medium 28 by sensing the magnetic states 
in the magnetic storage medium 28. The writing and reading commands, as well 
as the data to be written or read, are transmitted between the control unit 44 and 
the read/write head 34 over a recording channel 48, which provides the external 
interconnection to the sensor structure of the read portion of the read/write head 

25 34. The present approach is concerned with the magnetoresistance (MR) sensor 
that is part of the read/write head 34. 

[0023] The preceding discussion is a simplified description of the data 

storage system in the form of the magnetic disk drive system 20, to set the 
environment in which the present invention is used. The present invention is also 
30 applicable to other types of magnetic data storage systems such as magnetic tape 
drives and their read/write heads. 

[0024] Figure 2 shows a portion of a magnetoresistance (MR) sensor 

structure 50 included in the read/write head 34 of the magnetic disk drive system 
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20.. The MR sensor structure 50 includes a magnetoresistance sensor 52TThe MR 
sensor structure 50 is made of a series of layers or films that are very thin in 
relation to their lateral extent. (The figures herein are not drawn to scale.) To 
establish a frame of reference, the MR sensor structure 50 may be described as 
5 having a sensor surface plane 54, a transverse direction 56 lying in the sensor 
surface plane 54 and perpendicular to and away from the ABS 46, and a 
longitudinal direction 58 lying in the sensor surface plane 54 and perpendicular 
to the transverse direction 56. When the MR sensor 52 is assembled into the 
read/write head 34, the transverse direction 56 is perpendicular to the air bearing 
10 surface (ABS) 46 and thence to the surface 30 of the magnetic storage disk 22. 
[0025] The magnetoresistance sensor 52 may be of any operable type, and 

two types of particular interest will be discussed subsequently. The 
magnetoresistance sensor 52 in each case has a free layer 60 that lies parallel to 
the sensor surface plane 54. At least a portion of the free layer 60 is free to 
1 5 respond to external magnetic fields. 

{^[0026] An upper antiferromagnetic layer 62 overlies at least a portion of 

the free layer 60 and contacts that portion of the free layer 60 on a first contact 
face 63. The upper antiferromagnetic layer 62 lies parallel to the sensor surface 
plane 54. The upper antiferromagnetic layer 62 is preferably PtMn, but it may be 
20 of any operable antiferromagnetic material. 

[0027] An upper ferromagnetic layer 64 lies parallel to the sensor surface 

plane 54. The upper ferromagnetic layer 64 overlies and contacts at least a portion 
of the upper antiferromagnetic layer 62 on a second contact face 66 lying parallel 
to the sensor surface plane 54. The upper antiferromagnetic layer 62 lies between 
the upper ferromagnetic layer 64 and the free layer 60. The upper ferromagnetic 
layer 64 may be any ferromagnetic material, but is preferably CoFe. 
[0028] With this arrangement, the upper antiferromagnetic layer 62 

exchange couples to and pins the contacted portion of the neighboring 
ferromagnetic layer through the firs contact face 63 and also exchange couples 
to and pins the contacted portion of jhe upper ferromagnetic layer 64 through the 
second contact face ^ Thus, both faces of the upper antiferromagnetic layer are 
utilized for pinning. In the conventional approach, by contrast, only the lower 
face of the upper antiferromagnetic layer, which contacts the adjacent 
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ferromagnetic layer, is utilized in pinning; the upper face is adjacent to the cap 
layer, where it has no pinning funcjrfon. 

[0029] An optional cap la^er 68 lies parallel to the sensor surface plane 54. 

The cap layer 68 overlies the upper ferromagnetic layer 64 in some embodiments 
5 and not others. The cap layer 68 may be any operable material, but is preferably 
tantalum. 

[0030] The MR sensor structure 50, shown generally in Figure 2, may be 

implemented as a giant magnetoresistance (GMR) sensor structure 70 illustrated 
in Figure 3 or a tunnel magnetoresistance (TMR) sensor structure 78 illustrated 

10 in Figure 4. In Figures 3-4, elements previously discussed are assigned the same 
reference numerals, and the descriptions are incorporated herein. 
[0031] Referring to Figure 3, the GMR sensor structure 70 has the layers 

62 and 64 defined as discrete exchange tabs 72 upon the free layer 60, leaving a 
central portion 74 without the overlying layers 62 and 64. The cap layer 68 

15 overlies the central portion 74 but not the exchange tabs 72. Instead, external 
contacts 76 are deposited upon the exchange tabs 72. 

[0032] In the preferred form of the GMR sensor structure 70, the upper 

antiferromagnetic layer 62 is PtMn about 150 Angstroms thick; the upper 
ferromagnetic layer 64 is CoFe about 30 Angstroms thick; the external lead 76 is 
rhodium about 400 Angstroms thick; and the cap layer 68 is tantalum about 40 
Angstroms thick. 

0033] Referring to Figure 4, the TMR sensor structure 78 has the layers 

62 and 64 stacked in the manner desc ibed previously, with the cap layer 68 
overlying the upper ferromagnetic laye 1 64 and an external contact 84, made of 
a high-conductivity metal such as tantali m, rhodium, or ruthenium, overlying the 
cap layer 68. Additionally, a decouplir g layer 80 overlies and contacts the free 
layer 60, and a ferromagnetic layer 82 o 'erlies and contacts the decoupling layer 
80. The decoupling layer 80 and the fer omagnetic layer 82 thus lie between the 
free layer 60 and the upper antiferroma jnetic layer 
30 [0034] In the preferred form of the TMR sensor structure, the decoupling 
layer 80 is copper about 20 Angstroms thick; the ferromagnetic layer 82 is CoFe 
about 30 Angstroms thick; the upper antiferromagnetic layer 62 is PtMn about 1 50 
Angstroms thick; the upper ferromagnetic layer 64 is CoFe about 30 Angstroms 
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thick; and the cap layer 68 is tantalum about 40 Angstroms thick. 
[0035] Figure 5 depicts a preferred form of the MR sensor 52 that is used 

for the GMR sensor structure 70. The materials of construction and the indicated 
thicknesses of the layers are preferred, but other operable materials and 

5 thicknesses may be used. Starting from the bottom in Figure 5, a substrate 90 is 
preferably aluminum oxide (A1 2 0 3 ). Deposited upon and contacting the substrate 
is a stack seed layer 92. The stack seed layer 92 has two sublayers: a NiFeCr 
sublayer 96 about 25 Angstroms thick deposited upon and contacting the substrate 
90, and a NiFe sublayer 98 about 8 Angstroms thick deposited upon and 

10 contacting the NiFeCr sublayer 96. The TMR sensor structure is similar, except 
that the substrate 90 is preferably a high conductivity metal such as tantalum, 
ruthenium, or rhodium. 

[0036] A transverse pinning layer 100, preferably PtMn about 150 

Angstroms thick, is deposited upon and contacts the stack seed layer 92. A 

15 transverse pinned layer structure 102 is deposited upon and contacts the Pt-Mn 
transverse pinning layer 100. The transverse pinned layer structure 102 includes 
three sublayers, a Co-Fe sublayer 104 about 16 Angstroms thick deposited upon 
and contacting the transverse pinning layer 100, a Ru sublayer 106 about 8 
Angstroms thick deposited upon and contacting the Co-Fe sublayer 1 04, and a Co- 

20 Fe sublayer 108 about 19 Angstroms thick deposited upon and contacting the Ru 
sublayer 106. 

[0037] A layer 110 overlies and contacts the transverse pinned layer 

structure 102. The nature of the layer 110 is different for the GMR sensor 
structure and the TMR sensor structure. In the case of the GMR sensor structure, 

25 the layer 1 1 0 is a CuO x spacer layer about 20 Angstroms thick. In the case of the 
TMR sensor structure, the layer 1 10 is about 7 Angstroms thick and made of a 
tunnel barrier layer material such as an A10 x , MgO, or A1N. 
[0038] The free layer 60 is deposited upon and contacts the spacer layer 

110. In the illustrated form, the free layer 60 has two sublayers, a CoFe sublayer 

30 112 about 1 5 Angstroms thick deposited upon and contacting the layer 1 1 0, and 
a NiFe sublayer 1 14 about 15 Angstroms thick deposited upon and contacting the 
Co-Fe sublayer 112. 

[0039] The layered structure overlying this structure of Figure 5 is that 
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described in relation to Figures 2-4. Any of the structures of Figures 2-4 may be 
arranged to define bottom-type GMRs or top-type GMRs, or bottom-type TMRs 
or top-type TMRs. 

[0040] Although a particular embodiment of the invention has been 

5 described in detail for purposes of illustration, various modifications and 
enhancements may be made without departing from the spirit and scope of the 
invention. Accordingly, the invention is not to be limited except as by the 
appended claims. 
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